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The Revais Creek Mining District on the Flathead Indian Reservation of 
northwestern Montana contains historic copper mines.  Mineralization occurred on the 
edge of the Revais Creek gabbro dike (697 Ma) that intrudes metasedimentary rocks of 
the Belt Supergroup.  The Revais Creek gabbro has elevated copper (~500 ppm) and 
platinum group elements (Pt + Pd ~ 80 ppb).  Mineralized zones are localized within fault 
zones along the edge of the intrusion.  Fault jogs and bends produced by oblique-dextral, 
dip-slip motion host the majority of known mineralized zones.  Mineralization formed 
zones of semi-massive to disseminated sulfides (chalcopyrite, pyrrhotite, and minor 
pentlandite) and disseminated platinum group metals and alloys.  Unusually, platinum 
group minerals are generally not spatially associated with sulfides but occur as discrete 
grains with silicate minerals.  Mineralization is spatially and apparently temporally 
associated with propylitic alteration of the gabbro.  Early propylitic alteration resulted in 
chloritization of igneous amphibole and pyroxene and quartz-“sericite”=epidote alteration 
of plagioclase.  Late, retrograde propylitic alteration formed quartz-“sericite”-epidote-
calcite assemblages.  The majority of sulfides and platinum group minerals appear to be 
associated with the retrograde event.  A late stage of generally barren silificification is 
also present.  Copper and platinum group elements were probably derived from 
hydrothermal alteration of the relatively copper and platinum group element enriched 
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Revais Creek intrusion and concentration of these elements within structural fluid 
conduits.  No later igneous intrusions have been recognized in the Revais Creek area that 
could have driven this hydrothermal event. The mineralization in the Revais Creek 
district is hydrothermal in origin and appears to be most similar to that known from the 
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1.0 Project definition: 
 Copper, gold, silver, and platinum group metals were historically mined on the 
Flathead Indian Reservation in Sanders County from a mafic intrusion.  The 
Confederated Salish and Kootenai Tribes on the reservation in Montana have an interest 
to better understand the copper and platinum group metal resources on reservation lands.   
This thesis examines copper and platinum group metal mineralization, as well as defines 
the geometries of both the mineralized zones and the host intrusion in the historic mines  
The project was funded by the Department of Interior, Assistant Secretary—Indian 
Affairs, Division of Energy and Mineral Development. The Confederated Salish and 
Kootenai Tribal Council approved the project on August 4, 2005 (Tribal Council Meeting 
Minutes Vol. 5, #69).   
 
1.1 Location and Setting 
 The Flathead Indian Reservation is located in western Montana, 
approximately 12 miles (19 km) north of Missoula (Figure 1.1).  The reservation includes 
parts of Lake, Sanders, Missoula and Flathead Counties.  The Tribal headquarters is in 
Pablo, 43 miles (69 km) south of Kalispell, MT.  The majority of the reservation 
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population lives in the towns of Polson, Ronan, and St. Ignatius (Figure 1.2).  Farming 
and ranching are the primary means of income for tribal members.  
The reservation contains the centrally located Mission Valley with mountain 
ranges bordering its eastern, western, and southern boundaries.  The Mission Valley 
contains gently rolling hills, ranging from 2,480 to 5,000 feet (756 to 1524 m), and kettle 
lakes which were produced from Glacial Lake Missoula and subsequent glacial activity.  
The mountain range to the west of the valley is lower than the ranges to the east and 
south, with the highest peak reaching almost 6, 400 feet (1950 m).  The mountains to the 
south rise almost to 7,800 feet (2378 m) and the eastern, Mission Range, reaches 9,800 
feet (2988 m).  The climate on the reservation is moderate in comparison with the rest of 
Montana.  Average temperatures range from 20° to 85° Fahrenheit (-6 to 30° C), but 
extremes can range from -36° to 104°Fahrenheit (-38 to 40° C).  The annual precipitation 
totals average 15 inches (3.8 cm), which includes the normal 5.5 feet (1.7 m) of snow that 
Mission Valley accumulates in the winter months (www.weather.com, 5-13-07).  
The area of interest for this study is located south of the Flathead River near 
Dixon (Figure 1.3).  The study area covers approximately 48 square miles (77 km
2
), 
stretching 4.4 miles (7 km) from north to south and 11 miles (11 km) east to west.  
Topography in the study area ranges in elevation from 3,000 to 6,125 feet (915 to 1867 
m; Figure 1.5).  Revais and Magpie Creeks are the main drainages for the area and are 
youthful tributaries of the Flathead River.  The remaining drainages are intermittent and 





























Figure 1.2—Map of the Flathead Indian Reservation illustrating the major towns, 
waterways, highways and topography.  Green rectangle shows the location of the study 



















Figure 1.3—Map of the Revais, Magpie, and Seepay Creek areas, indicating the location 




The area is heavily vegetated by Lodge-Pole Pine, Ponderosa Pine, Douglass Fir, Alder, 
Larch, and Scrub Oak; hindering the search for outcrops of the PGM-bearing intrusion.  
Fortunately a good system of logging roads (Appendix A) provides access and creates 
road cuts that expose the rocks (Figure 1.4). 
 
 
Figure 1.4—A typical road-cut outcrop of the Revais Creek intrusion. 
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1.2 Exploration and Mining History 
 The earliest geologic research done on the reservation was completed by Sahinen 
(1936), Sample (1942) and Crowley (1963).  This work focused primarily on the geology 
and mine workings in the Revais and Magpie Creek areas.  The copper (11.88%), 
platinum (0.61 oz), palladium (1 oz), silver (1.5 oz) and gold (0.21 oz) grades that were 
recorded in these earlier studies continue to spark interest in the area to this day.  The 
Anaconda smelter in Montana recorded intermittent copper and PGE production from the 
Flathead Indian Reservation between 1932 and 1962 (Appendix C, Anaconda Copper 
Mining Co.).  All of the recorded production is from the Green Mountain Mine, also 
known as the Drake or Dixon mine located on the Trade Dollar claim property.  Ore from 
the Green Mountain Mine was produced from along the contact between the Revais 
Creek intrusion and country rock.  The Green Mountain Mine and other small properties, 
such as the Lucky Strike, Slow Poke, Blue Ox and Bay Horse mines, make up the Revais 
Creek Mining District (Figure 1.5). Unfortunately no production records exist for any of 
the smaller properties in the Revais District. 
The United States Geological Survey (USGS) and United States Bureau of Mines 
(USBM) completed a reservation-wide mineral assessment for the United States Bureau 
of Indian Affairs in 1976 (Mudge et al, 1976).  The Bureau of Indian Affairs 
commissioned a second report from the USBM (Ingersoll et al., 1982) based upon the 
recommendations in the previous study.  The Ingersoll study included a geochemical soil 
sampling over the Revais, Magpie, and Seepay Creek areas to check for copper, gold, 
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silver, lead, and zinc anomalies.  Results from the second study listed the Seepay Creek 
area as having Sullivan-type lead-zinc potential.  The Revais and Magpie Creek areas 
were found to contain numerous copper, gold, and silver anomalies.  The USBM also 
drilled 5 diamond drill holes in the Revais Creek area in the 1940’s and 50’s (Appendix 
B).  Unfortunately minimal records exist for the holes (Mudge et al, 1976; Ingersoll, et 
al., 1982). 
 The bulk of recorded Cu-PGE exploration in the area was completed in the early 
1990’s at the request of Tribal Geologist S. Buckley.  Multiple geophysics studies were 
completed in the southern part of the reservation including aeromagnetics, very low 
frequency electromagnetics (VLF-EM), and induced polarization (Webster, 1982; 
Gignoux, 1992; Herberger, 1992; Gradient Geology and Geophysics, 1993).  The 
Confederated Salish and Kootenai Tribes also conducted a grid soil sampling survey and 
drill program during that time (Buckley, 1993).  Six reverse-circulation holes were drilled 
in the Revais and Magpie Creek areas.  All six holes intercepted zones of anomalous or 
elevated copper and PGE values (Appendix B).  The soil sampling program was intended 
to locate previously unrecognized areas of elevated mineralization.  Unfortunately, no 
new mineralized zones were located.  However in areas plagued by poor exposure, the 
soil sampling and geophysics were useful in determining the location of the Revais Creek 
intrusion. 
 Other investigations of the PGE mineralization include:  R. Kell (1993), D. Lauer 
(1998), and S. Phillipson (1999).  Kell completed a petrographic and geochemical 
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summary on the copper and PGE mineralization at the request of S. Buckley.  Kell was 
the first investigator to describe the intrusion, mineralization and alteration.  Lauer 
completed a Masters of Science thesis on the copper and PGE mineralization in the 
Revais Creek area.  His work showed that the intrusion at Revais Creek initially 
contained low grade PGE (50 ppb, combined Pt and Pd) that was hydrothermally 
remobilized and concentrated at anomalous grades (12,483 ppb combined Pt and Pd).  
The study by Phillipson is an internal report for the Bureau of Indian Affairs which 
evaluated the mafic intrusions south of the Flathead River for copper and PGE potential.  
Phillipson reported that mineralization was strongest in the Revais Creek area, with lesser 
potential in the Magpie area.  Phillipson also noted that mineralization was concentrated 



























































































2.0 Regional Geologic Setting 
The Flathead Indian Reservation lies within the foreland fold and thrust belt of the 
Rocky Mountains.  This region is also referred to as the Disturbed Belt.  The Disturbed 
Belt has undergone a series of complex tectonic events, making its geologic history 
difficult to unravel.  However three major tectonic periods have been discerned:  the East 
Kootenay Orogeny, Goat River Orogeny, and Laramide Orogeny.  The rocks on the 
Reservation consist primarily of Mesoproterozoic sediments, which have undergone 
metamorphism to greenschist facies.  Tertiary Volcanic rocks and Quaternary glacial, 
alluvial, and lacustrine deposits are also present (Figure 2.1).  
 
2.1 Mesoproterozoic Geology 
 The Belt Supergroup was deposited during a passive mid-continental rifting event 
that occurred during the Mesoproterozoic (Lydon 2007).  The Belt Supergroup, also 
referred to as the Purcell Supergroup in Canada, is found from southeastern British 
Columbia to central Idaho.  Many economic base and precious metals deposits in the 
United States and Canada are hosted within the Supergroup with the most prominent 
deposits being the Sullivan (British Columbia) lead-zinc deposit and  the silver deposits 






Figure 2.1—Geologic map of rocks exposed on the Flathead Indian Reservation 






Figure 2.2—Map showing location and extent of Belt terrane, Coeur d’Alene mining 
district, Sullivan deposit, and the Lewis and Clark fault zone.  Green box represents 
approximate location of the study area  Modified from Lydon (2007) and Mauk (1983)
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The Belt Supergroup consists of four main groups:  the Lower Belt, Ravalli Group, 
Middle Belt Carbonate, and Missoula Group (Figure 2.3).  While portions of all four 
groups can be found on the reservation, the Lower Belt and Ravalli group are the most 
pertinent to this investigation and will be described in more detail below. 
 
2.1.1 Lower Belt: 
 The Lower Belt consists of the Prichard Formation.  The Prichard Formation 
comprises one-third to one-fourth of the Belt Supergroup and is divided into eight 
members, A through H, respectively.  The thickest section (≈ 4 mi or 6 km) of exposed 
Prichard Formation on the Reservation is found in the Seepay Creek Area (Figure 2.4), 
however the base of the formation is not exposed here or anywhere else in the Belt 
terrane (Mudge et al, 1976). 
The Prichard Formation consists primarily of sulfide-rich, black and gray argillite, 
quartzite, and siltite turbidite facies.  The oldest members A and B are approximately 
3,805 feet (1,160 m) thick in the Seepay Creek area and are characterized by siltite-
argillite turbidite couplets.  Member C (196ft, 60 m) is also a turbidite facies but consists 
of argillaceous quartzites.  Member D (196 ft, 60 m) is an argillite which exhibits platy-
weathering.  Member E (2,394 ft, 730 m) is interpreted as a shallow water facies of 
interlaminated siltite and argillite with the occasional well-sorted, cross-bedded quartzite 




Figure 2.3—Stratigraphy of the Belt Supergroup (Mauk, 1983)
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Member F (3,000 ft, 915 m) is characterized by planar laminated silty argillite that 
contains abundant iron sulfide.  Member G (2,198 ft, 670 m) consists of interbedded 
quartzite turbidite facies.  Member H (4,000 ft, 1,220 m) is lithologically similar to 
member F (Cressman, 1989; Winston and Link, 1986). 
The Prichard Formation is host to three mafic sills on the Reservation which are 
considered evidence for Mesoproterozoic mid-continental rifting.  The intrusions, from 
oldest to youngest, are the Paradise, Plains and Whiskey Gulch sills.  The Paradise sill, 
902 ft thick, (275 m) intrudes along the A-B contact.  The Plains sill is approximately 394 
feet (120 m) thick and intrudes along the D-E contact.  The Whiskey Gulch Sill, also 394 
feet (120 m) thick, intrudes into the lowest part of member F.  The sills are gabbroic in 
composition and thought to be contemporaneous with sedimentation due to soft sediment 
deformation and textures indicative of sediment boiling in the surrounding Prichard 
Formation (Höy, 1989; Buckley and Sears, 1993).  The Paradise and Plains sills have 
been dated by Sears et al. (1998) using zircon U-Pb methods as having been intruded at 
1469 ± 2.5 and 1457 ± 2 Ma respectively.  Due to stratigraphic and age relationships, the 
sills are thought to correlate to the Moyie Sills further north in the United States and 
Canada (Buckley and Sears, 1992; Lydon, 2007). 
 
2.1.2 Ravalli Group 
 The Ravalli Group consists of, from oldest to youngest, the Burke, Revett and St. 
Regis Formations.  The thicknesses of the formations in the study area are:  3,477 feet 
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(1,060 m), 5,268 feet (1,606 m), and 3,083 feet (940 m) respectively (Ryan and Buckley, 
1993).  However, the exact locations of the formation contacts are still debated, so 
thicknesses reported vary between researchers. 
 
     Burke Formation: 
 The Burke Formation is divided into two informal members.  The contact 
between the Prichard Formation and the lower member of the Burke Formation is 
gradational.  The lower member is primarily gray-green siltite which may be interbedded 
with Prichard-type flat-laminated, tabular quartzites.  The upper member is characterized 
primarily by argillite and siltite with interbeds of lenticular to tabular quartzite.  The 
Burke Formation commonly contains tiny, euhedral magnetite crystals and shallow water 
features such as desiccation cracks and hummocky cross-stratification.  Copper sulfides 
are known to occur in some green beds (Mudge et al., 1976; Mauk, 1983; Winston and 
Link 1986). 
     Revett Formation 
 The Revett Formation is dominantly composed of purplish-gray, blocky, cross-
bedded, well sorted, fine-grained quartzites.  It is divided into three informal members.  A 
gradational contact separates the Burke Formation from the lowest member of the Revett 
Formation.  The lower and upper members consist of quartzite beds which alternate with 
intervals of siltite and argillite.  The middle member is characterized primarily by siltite 
and argillite with minor quartzite (Mauk 1983, Mudge et al 1976). 
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 The Revett Formation is host to many strataform copper-silver deposits in the 
area.  For example, the Troy or Spar Lake deposit, approximately 20 miles (32 km) west 
of Libby, Montana (Figure 2.2) formed in thick beds of pyritic (reduced) quartzite near 
pre-ore redox fronts.  The Spar Lake deposit is a red-bed type stratiform, sediment hosted 
copper deposit (Hitzman et al., 2006).  The majority of ore contains disseminated sulfide 
minerals that fill pore space or replace cement, forming clots that may replace sand 
grains.  The ore typically follows sedimentary bedding or forms rods across stratification.  
The ore mineralogy at Troy is typically zoned with bornite-chalcocite in the center, 
followed by bornite-chalcopyrite, and finally bornite-galena (Hayes and Einaudi, 1986). 
     St. Regis Formation 
 The base of the St. Regis Formation is characterized by purplish-gray interbedded 
quartzite and argillite.  The upper 270 meters of the St. Regis Formation is mostly purple 
argillite.  The rocks of the St. Regis Formation generally exhibit shallow water textures 
such as ripples and mud-cracked couplets (Mudge et al, 1976; Winston and Link, 1986). 
Although Mesoproterozoic tectonics were dominated by extensional and transfer 
faults related to rifting, a period of east-northeast trending compression and burial 
diagenesis occurred from 1330 to 1360 Ma.  This period is referred to as the East 
Kootenay Orogeny.  A high geothermal gradient, 38º C/km to 45º C/km, occurred during 
this time and is responsible for the increase in metamorphic grade relative to depth in the 
Belt rocks (Ross et al., 1992; Lydon, 2007). 
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2.2 Neoproterozoic Geology 
 McMechan and Price (1982) proposed the Goat River Orogeny to explain a period 
of uplift, block faulting and metamorphism at 800 to 900 Ma.  Evidence for low-grade 
regional metamorphism during this period includes remagnetization demonstrated by 
palaeomagnetic studies (Leech, 1962) and resetting of K-Ar systemmatics (Leech, 1962; 
Archibald et al, 1979) in minerals within the Belt Supergroup.  Following the Goat River 
Orogeny, the sedimentary Windermere Supergroup and volcanic rocks were deposited 
predominately north of the Revais Creek Mining district.  The mafic volcanic rocks 
deposited during Windermere time (730-780 Ma) are of similar composition to the 
intrusion found in the Revais Creek Mining District (Lauer, 1998; Price and Sears, 2000; 
Lydon, 2007). 
Lauer (1998) dated the intrusion at 687 ± 6 Ma via Rb-Sr dating techniques, 
placing the Revais Creek intrusion 40 to 45 Ma after Windermere time.  This 
geochronological date suggests that the Revais Creek intrusion was intruded after the 
Windermere volcanic event, though it may represent a possible extension of the 
Windermere igneous activity.  Kell (1993) and Lauer describe the Revais Creek intrusion 
as a quartz normative, tholeiitic, quartz diorite to gabbroic sill and/or dike.  The Revais 
Creek intrusion is hosted primarily in the Burke and Revett Formations with a possible 




2.3 Post-Precambrian Geology 
Compression occurred in the area from Jurassic to late Cretaceous.  This orogenic 
event produced the northwest-trending folds and faults that are observed in the Belt basin 
today.  The Laramide Orogeny (late Cretaceous) marks the end of this period of 
compression.  Prior to Cretaceous thrusting, the Belt basin was proposed by Sears (1994) 
to have occupied a position southwest of the Lewis and Clark Fault zone.  Sears (1994) 
illustrates that the basin underwent 25 to 30 degrees of clockwise rotation about an Euler 
pole near Helena to its’ present day location (Figure 2.2).  Extensional block faulting in 



















Figure 2.4—Geologic map showing lithologic units exposed south of the Flathead 












 Field based observations along with complimentary analytical and laboratory 
work were utilized to complete this study.  Two periods of field work were conducted in 
July 2005 and June/July 2006.  Analytical laboratory work was performed between 
August 2005 and June 2007.  All maps produced from this study were plotted using 
Geographic Information System software (ArcGIS v 9.1 by ESRI Inc.), using the 1983 
North American Datum, Universal Transverse Mercator (UTM) projection zone 11. 
 
3.1  Field Work 
 Field work for this study consisted of geologic mapping and collecting samples 
from the Revais Creek intrusion.  Mapping included verification of existing geologic and 
mine maps, as well as the collection of new structural, mineralogical, and alteration data.  
Samples were collected for whole rock and trace geochemical analysis as well as 
petrographic thin-section analysis. 
 
3.1.1 Mapping 
 Initial site reconnaissance during July 2005 was utilized to check accessibility in 
the area and verify the Cu-PGE grades recorded by previous investigators.  The majority 
of the geological mapping for this project was completed during the June-July 2006 field 
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season.  Mapping during this time consisted of transverses across the study area, 
verifying the extent and geometry of the Revais Creek intrusion.  Locations of mines and 
prospects were recorded in order to verify the maps of the Revais Creek Mining District 
(Figure 3.1).  Mapping protocol was based on the methods developed by M. Einaudi 
(1997) for the Anaconda Company. 
 Equipment used to complete the mapping objectives included a global positioning 
system (GPS), Brunton transit-compass, clipboard, 1:24,000 scale topographic maps with 
overlay paper, colored pencils, and camera.  A UTM grid coordinate (±20 ft or 60 m) was 
recorded for each stop along with the following information:  rock type, occurrence type 
(i.e. outcrop, or float), bedding orientation, structure type and orientation, alteration 
minerals and textures, vein type and orientation, and signs of human activity such as 
shafts, adits, or prospect pits. 
 
3.1.2 Sample Collection 
 Field samples were collected from the entire length and width of the intrusion 
(Figure 3.2) in order to represent the variations in rock type and alteration for 
petrographic analysis and geochemical assay.  Because the goals of this study were to 
determine alteration paragenesis and Cu-PGE potential, the samples collected tended to 
show a bias toward mineralized and altered rocks.  However samples exhibiting little to 





Figure 3.1—Photographs showing:  A)  Vertical shaft at Green Mountain Mine, B) Un-
named adit between Upper Lucky Strike and Blue Ox, C)  Inclined shaft at Green 
Mountain Mine, D)  Vertical shaft above Slow Poke prospect, E)  Blue Ox adit; F)  100 








Figure 3.2—Sample location map showing the types of samples taken during this study.  
The circled areas represent the sample groups. Pan samples are panned heavy 
concentrates from streams.  Metasediment and RCI (Revais Creek intrusion) samples are 
rocks.  (Purple: Revais Creek; Yellow: Other).
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Each rock sample taken consisted of one to three pieces weighing approximately 
0.5 to 3 kilogram in total (Figure 3.3).  A UTM grid coordinate was assigned to each 
sample along with a sample number and detailed description recorded in a field notebook.  
Sample numbers were assigned in sequential order according to which area the sample 
was collected in.  For example if a sample was the seventh sample collected in the 
Magpie Creek area, the sample was assigned MC-7 as its’ sample number.  Samples 
collected during field reconnaissance in July, 2005 were also assigned the year (i.e. MC-




Figure 3.3—Photograph illustrating typical sample size collected as well as a thin section 
billet produced from the sample. 
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3.2 Petrography 
 Petrographic analysis was used to determine mineral assemblages, texture, 
alteration mineralogy and texture, and paragenesis.  Analysis varied in scale, ranging 
from hand sample analysis using hand lens, magnet, hydrochloric acid, and scribe, to 
reflected and transmitted light microscopy, and finally to a scanning electron microscope. 
 
3.2.1 Hand Sample Analysis 
 Hand sample analysis consisted of several simple tests used to determine macro-
scale characteristics such as rock type, minerals, alteration, mineralization, structural 
features, and cross-cutting relationships.  Examples of these tests include using 10 
weight-percent hydrochloric acid to check for the presence of carbonate minerals and use 
of a small magnet to determine the presence of magnetic minerals. 
 
3.2.2 Thin Section Analysis 
 Thin section analysis was used in this project to identify primary and secondary 
minerals, mineral percentages, and textures in order to determine the rock type and 
mineral paragenesis of the Revais Creek intrusion.  Out of the 110 samples collected 58 
were selected to make 64 polished thin sections of the Revais Creek intrusion, veins, and 
surrounding rocks.  Fifty-one of the polished thin sections were of the Revais Creek 
intrusion and are the basis for this study.  The thin sections were selected to illustrate the 
spectrum of alteration and mineralization that occurs in the Revais Creek intrusion.  
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 Sample preparation for thin sections was completed at the Colorado School of 
Mines (CSM) thin section laboratory.  Hand samples were cut using a rock saw into 0.5 
inch thick slabs.  Areas of interested were marked on the slabs and were then trimmed in 
to thin section billets measuring approximately 1x2 inches (Figure 3.3).  The billets were 
then polished into thin sections by J. Skok at the CSM laboratory. 
 A Leica petrographic microscope at 25, 100, 200, 500 times magnification was 
used to complete transmitted and reflected light microscopy.  Techniques used to identify 
minerals and textures were based on Lefkin (2007), Nesse (2004), Spry and Gedlinske 
(1987), and MacKenzie et al. (1982). 
 
3.2.3 Scanning Electron Microscope 
 The objective for scanning electron microscope (SEM) analysis was to determine 
which minerals the platinum group metals are associated with.  Generally the occurrence 
of platinum group metals is beyond the range of a standard petrographic microscope, so a 
SEM must be utilized to determine mineral paragenesis.  Five polished thin sections were 
selected based on high PGE content determined by geochemical assay and then examined 
using the SEM at Colorado School of Mines.  Both secondary electron and back-scatter 
imaging were used to create images and spectral analysis.  Back-scatter electron imaging 
were utilized.  Secondary electron imaging was used for identifying larger features such 
as mineral textures and relationships once PGE grains were located.  Bit maps of 
platinum and palladium grains were used to identify the relative abundances of each 
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element within the grain.  To produce a bit map, an image must be taken of the grain of 
interest.  Then the point spectral analyzer was used to repeatedly scan and count 
backscatter electron x-ray emittance for each element of interest. 
 The thin sections of interest were cleaned, carbon coated and then placed into the 
SEM vacuum-sealed sample chamber.  SEM settings used for this project included 20 kV 
accelerating voltage, 6.9x10
-7
amps current for the vacuum chamber and approximately 35 
to 5,000 times magnification.  Images (1056x1056 resolution) and spectral element 
analyses were collected electronically by the Princeton Gamma Tech’s Spirit computer 
software program.  Spectral analyses of elemental electron emittance were collected in 
both back-scatter and secondary electron modes for approximately 20 to 60 seconds. 
 
3.3 Geochemical Analysis 
 Geochemical analysis was used to determine trace element concentrations in the 
intrusive samples.  Statistical analysis of the geochemical results consisted of creating 
graphical correlations between elements (Appendix D). 
Assays of samples were completed by ALS Chemex, Inc.  The samples were 
prepared in Sparks, Nevada, and then sent to Vancouver, British Columbia, Canada, for 
assay.  Sample preparation included reducing the samples to 0.5 to 1 kilogram size and 
were then finely crushed to over 70% less than 2mm.  Each sample was split into 250 
grams and then pulverized to over 85% less than 75 microns (ALS Chemex, 2006).  Two 
different assay packages were chosen for trace element analysis based on the element of 
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interest and the concentration of the element in the sample.  Trace levels of PGE and gold 
were assayed using fire assay and atomic-emission-spectrometry (ICP-AES).  Thirty-one 
other trace elements were assayed by four acid digestion and measured using ICP-AES.  
The acids, HF, HNO3, HClO4, and HCl, were used to digest minerals in the pulverized 
splits.   
Statistical analysis was completed using Excel software by Microsoft.  Six graphs 
were produced, three for samples found in the Revais Creek area and three for samples 
collected outside the Revais Creek area (Figure 3.2).  Platinum and palladium were 
graphed on the x axis with sulfur, copper, and nickel being placed on the y axis 
(Appendix D).  Positive linear trends produced on the graphs were noted as a positive 
correlation between the elements plotted.  Arithmetic means for each sample group for 
every element were plotted to show elemental changes as alteration increases (Appendix 
D).  Arithmetic means for unaltered samples were used to indicate base element 
concentrations in the Revais Creek intrusion. 
 
3.4 Structural Analysis 
 The purpose of structural analysis was to unravel the structural history of the 
Revais Creek Mining District and its possible control on mineralization and alteration.  
Structural analyses consisted of using a Schmidt (equal area) stereonet to plot and 
manipulate the structural data collected during field mapping, in order to create geologic 
 36 
cross-sections and interpret possible structural relationships with mineralization and 
alteration. 
Stereonet tasks consisted of comparing structural orientations by spatial domain 
and population, determination of bedding rotation about a horizontal axis, and 
determination of apparent dip.  The comparison of structural orientations with a stereonet 
allows the researcher to observe similarities and differences of multiple structural 
features.  When different structures exhibit similar orientations, they are possibly related.  
Rotation about a horizontal axis is used to interpret the effects of multiple episodes of 
deformation on bedding.  Poles to bedding are plotted on a stereonet and then averaged.  
The averaged pole is then rotated to the 0º, 90º, 180º, or 270º stereonet line and re-plotted 
to vertical in order to represent the original horizontal bedding orientation.  This method 
works well to model sedimentary rocks as it assumes that the bedding was originally 
deposited horizontally.  When cross-sections are not drawn perpendicular to geologic 
features such as bedding or faults, the apparent dip of these features must be calculated.  
Orientations of the cross-section line and features of interest are plotted on the stereonet.  
A point is produced where the two lines intersect and the rake is measured along the 
cross-section line to the point.  The rake represents the apparent dip of the geologic 
feature in cross-section view (Figure 3.4) (Marshak and Mitra, 1998). 
Six geologic cross-sections were created along the length of the Revais Creek 
intrusion using underground geology/mine maps from the Green Mountain Mine.  Data 
for other mines and prospects in the area were few and far between.  But since the Green 
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Mountain Mine was the largest of the properties, it was assumed that structural and 







Figure 3.4—Diagram illustrating stereographic process used to calculate apparent dip.  
A)  Shows cross-section line orientation (green) and fault orientation (purple) is plotted 
on the stereonet.  B)  Cross-section line is then rotated to vertical and the apparent dip 
angle is counted from where the fault and cross-section orientations intersect (orange dot) 
to horizontal (52º).  Modified after Marshak and Mitra (1998).
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To utilize the underground maps for cross-sections, a series of digitizing 
operations were completed.  First the geology in the maps was compiled by hand from 
multiple sources onto a “master” map for each mine level.  Overlay paper was used to 
transfer the data to the master maps (Figure 3.5A).  Secondly, a map by Rankin (1949) 
(Appendix E), which tied surface data to the underground levels, was scanned and placed 
into ArcGIS.  GPS points of surface data such as the inclined shaft and the 100-level adit, 
were used to anchor Rankin's map to a topographic map containing geologic features 
(Buckley and McDonald, 1993, unpublished) as well as those mapped during the 2006 
field season.  The resultant map was printed at the same scale as Rankin's original map 
(1:600). 
 Unfortunately using maps at such a detailed scale caused problematic error 
propagation. Most of the GPS points taken in the field only had an average accuracy of 
20 feet (6 m), so some of the points did not align properly with the Rankin map.  The 
ArcGIS software program typically needs widely spaced points in both the x and y 
directions to place a map into the proper map projection.  However the points collected in 
the field to digitize Rankin’s map were of adits and shafts from along the western 
intrusive contact, i.e. the points were linear and did not allow for proper digitization of 
the map.  To fix this problem, artificial grid points were drawn on the map.  The grid 
points were measured in X, Y distances from the most accurate GPS point taken at the 
inclined shaft (14 ft, 4.3 m).  The ArcGIS program was then used to convert the X, Y data 
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into UTM coordinates.  These grid points allowed the ArcGIS program to properly 
project Rankin’s map onto the topographic map. 
After digitizing, the master geology and mine maps were combined with the 
surface geology map produced in ArcGIS.  Cross-sections were made to cross-cut 
structural features and mineralized areas with the most control, i.e. known data such as an 
inclined shaft or winze.  Again problems arose during this process.  First, the highest 
point on the mine maps was lower than the lowest point in the mining district, even 
though both maps were in the same units (feet).  To resolve this problem all of the cross-
sections were hung at the elevation where the inclined shaft intersected the surface.  A 
map of the inclined shaft intersecting each mine level, assumed to be horizontal, was used 
to obtain the distances between the surface and each level (Figure3.5B).  The map of the 
inclined shaft as well as a map of the 300-400 level winze was used to estimate the angle 
(60º) at which the winze and inclined shaft intersected the levels.  Finally, the eastern 
intrusive contact was assumed to be parallel to the west contact where the exact contact 
was unknown. 
Two diamond drill holes were previously drilled in the Green Mountain-Lucky 
Strike areas (Appendix B).  Unfortunately the exact locations and collar elevations of the 
drill holes are not known.  Locations for the holes were approximated from a mine map 
of unknown origin, but the geology logged on the holes did not logically fit with any of 



























































































































































































































































































 Rocks exposed in the Revais Creek Mining District are Proterozoic in age and 
include the Revais Creek intrusion..  Although stratiform, sediment-hosted copper-type 
mineralization has been identified in both the Revett and Burke Formations, the main 
exploration target in the district is copper mineralization in the intrusion (Buckley, 1993; 
Mudge et al., 1976).  Intrusive samples collected for this study were divided into two 
groups:  “Revais Creek” and “Western” areas.  The division was made for two reasons:  
First, the majority of mining activity on the intrusion occurred in the east (Blue Ox-Green 
Mountain Mine segment) adjacent to Revais Creek rather than further to the west (Adit, 
Bayhorse, and Triple Junction prospect areas, Figure 4.1).  Secondly, characteristics of 
the intrusion varied by location.  Samples collected along the Blue Ox-Green Mountain 
Mine segment appear, in general, to be more altered and contain more abundant copper-
oxide than those further west. 
 
4.1 Revais Creek Intrusion 
The Revais Creek intrusion appears to be folded into a broad northwest-plunging syncline 
along Revais Creek and into a broad northwest-trending anticline to the west in the Triple 
















Figure 4.1—Geologic map of the study area illustrating the location of the Revais Creek 
intrusion and the main mine/prospect areas.  The area within the purple, dashed box 
represents the “Revais Creek” sample area.  The area included in green, dashed circle is 




  Throughout the area of folding the intrusion appears to generally conform to bedding.  
However a detailed structural study of the intrusion in the area of the Green Mountain 
Mine indicates that the intrusion is in fact a dike.  An extension of the intrusion has been 
mapped striking west from the Triple Junction (Twin Fawn) area (Figure 4.1).  This 
westward extension of the intrusion clearly cuts bedding at a high angle.  The apparently 
complex geometry of the intrusion has led previous researchers to consider the Revais 
Creek intrusion to be both dike and sill-like, as well as possibly two separate intrusions 
(Kell, 1993, Lauer, 1998).  Major faults and shear zones in the area trend primarily north-
northwest, parallel to the axes of the folds defined by the intrusion. 
 
4.1.1 Revais Creek Intrusion, Revais Creek Area—Morphology and Petrology 
In the Revais Creek area, the intrusion is the eastern limb of an anticlinal fold, 
with the fold nose indicated south of the Green Mountain Mine.  The nose of the fold was 
never verified in the field because no outcrops were found south of Green Mountain 
Mine.  Underground data also indicates that the intrusion is terminated south of the Green 
Mountain mine along a cross-trending, high angle fault (Appendix E).  The intrusion on 
the eastern limb of the fold has been considered sill-like by many researchers (Lauer, 
1998; Kell, 1993; Dahy, 1986; Mudge et al, 1976; Crowley, 1963).  Cross-sections for 
this study, derived from underground and surface data, show that the intrusion trends 
approximately N10E and dips 60W.  The dip on the intrusion is steeper than the 
surrounding metasediments (average dip of 40E) indicating that the intrusion is a dike.  
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When the metasediment beds are rotated back to horizontal, the intrusion’s dip becomes 
80E. 
The contact between the Revais Creek intrusion and enclosing metasedimentary 
rocks, where observed, is typically sharp.  Chilled margins, characterized by dark, fine 
grained intrusive rock, are observed at both the eastern and western contacts of the 
intrusion in the Blue Ox adit. 
Unaltered hand samples of the Revais Creek intrusion are dark grey to brownish-
grey in color.  Rocks from the intrusion are fine- to medium-grained and contain equal 
amounts of feldspar and pyroxene (≈ 30 to 45%), with lesser amounts of amphibole 
(10%).  Samples are weakly to moderately magnetic and contain megascopic magnetite 
grains (5-10%), exhibiting skeletal textures (Figure 4.2A).  The overall texture of the 
intrusion is diabasic (Figure 4.2B).  
In thin section, samples from the intrusion in the Revais Creek area are 
equigranular, holocrystalline, phaneritic fine- to medium- grained gabbro and display a 
subophitic texture (Figure 4.3).  Plagioclase (An44-An55) accounts for approximately 50% 
of the rock; plagioclase compositions were determined by Carlsbad-Albite method 
(Nesse, 2004).  Plagioclase occurs as interlocking laths (Figure 4.3 A, B) that typically 
display albite and pericline twining, and occasionally exhibit myrmekitic and 
micrographic textures. 
Clinopyroxene is the next most abundant mineral.  It comprises 25 to 30 percent 
of the rock and occurs as aggregates of anhedral grains (Figure 4.3 B).  Augite is the most 
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abundant pyroxene.  Lesser amounts of pigeonite (2-3%) also occur.  Seven to 14 percent 
of the rock consists of amphibole which occurs adjacent to, as well as rims clinopyroxene 
grains.  The majority of the amphibole grains are hornblende.  However some grains (5 to 
10 % of the total) display unusual pleochroism (peach-tan to purple-brown to red-brown; 
pale yellow (almost clear) to pale green-brown to bluish-olive green) and large 2V angles 
indicating that they are most likely actinolite.  The term calcic-amphibole is used in this 
study when the exact mineralogy could not readily be determined. 
Grain boundaries between the clinopyroxene and calcic-amphiboles are generally 
not sharp and display a “fuzzy” texture (Figure 4.4).  This led previous researchers to 
conclude that the amphibole is a deuteric, hydrothermal and/or metamorphic alteration 
product, uralite (Nesse, 2004; Lauer, 1998; Deer, Howie and Zussman, 1966).  However, 
this type of grain contact is not always indicative of alteration and can occur as a result of 
changing melt composition, where the increase in water fugacity reacts with the pyroxene 
rims to crystallize amphibole (R. Wendlandt personal communication, 2007).  The 
relatively coarse grain size of the calcic amphibole, its absence along fractures within the 
pyroxene, and the absence of other deuteric alteration minerals such as chlorite or 
“sericite” within plagioclase in many of the least altered samples of the Revais Creek 






Figure 4.2—Photographs of weakly weathered, least altered intrusive samples from 
Revais Creek illustrating the typical diabasic texture of the intrusion (RC-8-05).  A)  
Orange box show typical hopper-like texture of magnetic grains.  Purple circle highlights 
disseminated chalcopyrite.  B)  Typical diabasic texture and color of the Revais Creek 






Figure 4.3—Photomicrographs showing the typical diabasic micro-texture of Revais 
Creek intrusion from the Revais reek area (RC-8-05).  A)  Plane polarized light image 
illustrating intergrown plagioclase and augite with minor calcic-amphibole overgrowing 
some pyroxene grains.  B)  The same field of view under crossed nichols showing well 
developed twinning in plagioclase and the aggregates of clinopyroxene.
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Trace (≤ 1%) amounts of biotite, microcline, and apatite were observed in all of 
the unaltered to weakly altered samples of the intrusion from the Revais Creek area.  
Subhedral to anhedral biotite grains are intergrown with calcic-amphibole adjacent to the 
clinopyroxene aggregates.  Anhedral microcline was found interstitially with plagioclase, 
calcic-amphibole and biotite grains.  Apatite occurs interstitially, primarily with 
plagioclase grains as elongate, euhedral needles (Figure 4.5). 
Magnetite (3-8%) and ilmenite (2-5%) comprise the majority of igneous opaque 
minerals in unaltered samples of the intrusion.  Magnetite and ilmenite grain 
morphologies are typically skeletal exhibiting exsolution textures (Figure 4.6).  Typical 
grain sizes for magnetite and ilmenite range from 20 microns to 1.5 millimeters (average: 
0.3 mm).  Occasionally, the magnetite and ilmenite grains can be found partially enclosed 
within clinopyroxenes, but most of the grains fill spaces between plagioclase, pyroxenes, 
and amphiboles grains.  A few chalcopyrite (≤ 1%) blebs were observed in unaltered to 
weakly altered samples of the intrusion.  These apparently igneous chalcopyrite grains 
are completely enclosed within ilmenite, clinopyroxene, or calcic-amphibole (Figure 4.7). 
Faults and shear zones occur at a variety of orientations and with varying degrees 
of movement cut the Revais Creek intrusion in numerous areas.  These faults are 
associated with quartz and/or calcite veins that are generally small, measuring 
approximately 0.25 to 3 inches (0.5 to 7.5 cm) in width.  These veins are oriented in 
similar trends as the dominant faults and shears.  The veins are typically concentrated in 





Figure 4.4—Photomicrographs showing the “fuzzy” contact between amphibole and 
pyroxene.  Such contacts could be due to deuteric alteration of pyroxene or to sequential 
crystallization of pyroxene and later amphibole, perhaps with intervening resorption of 
pyroxene.  The absence of other deuteric alteration products within the pyroxene, such as 
chlorite, and the fresh appearance of the plagioclase suggests the amphibole is igneous.  
A)  Calcic-amphibole and clinopyroxene from Revais Creek (RC-8-05).  B)  Closer view 
of calcic-amphibole and clinopyroxene showing the absence of alteration along pyroxene 




Figure 4.5—Photomicrograph taken in polarized light under crossed nichols of an 






Figure 4.6—Photomicrograph taken under reflected light showing a magnetite 
(Mag)/ilmenite (Ilm) skeletal grain with exsolution textures (RC-11).
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4.1.2 Revais Creek Intrusion, Western Area—Morphology and Petrography 
The Revais Creek intrusion in the western portion of the study area is folded into 
a syncline with an extension of the intrusion extending westward from the fold nose, an 
area referred to as the “Triple Junction” (Figure 4.1).  Only two outcrops were located in 
the western portion of the study area.  One occurs at the Bayhorse prospect, east of the 
Triple Junction.  The intrusion in this outcrop has been cut by numerous small faults and 
fractures (Figure 4.8).  The second outcrop occurs within road cuts along the D-6000 and 
D6090 logging roads at the Triple Junction.  The intrusion in these outcrops is generally 
highly jointed and weathered (Figure 4.9, Appendix A) and commonly displays 
spheroidal weathering textures (Figure 4.10).  No outcrops of the Revais Creek intrusion-
metasediment contact were found in the area.  However, the approximate location of the 
intrusion can be mapped based upon float. 
Faults and shears zones in the intrusion occur at a variety of orientations.  Quartz 
and/or calcite veins in the western area are very small in width (≈ 0.25 inches or 0.5 cm) 
and scarce.  The veins are associated with fault and shear zones. 
Geologic cross-sections produced from data gathered during the 1992 drill 
program led by S. Buckley (1993), indicate that the intrusion strikes N35W in the Adit-
Bayhorse prospect areas (Figure 4.1) and dips approximately 50 to 70 degrees to the 






Figure 4.7—Combined transmitted and reflected light photomicrograph of tiny igneous 
(?) chalcopyrite blebs within clinopyroxene grains.  A)  Chalcopyrite bleb from the 




Figure 4.8—Photograph of the Revais Creek Intrusion outcrop found at the Bayhorse 





Figure 4.9—Photograph of the Revais Creek intrusion cropping out along the D-6000 





Figure 4.10—Photograph showing typical spheroidal weathering found near Magpie 
Creek (rock hammer for scale).
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The metasedimentary rocks in the area have an average strike of N40W and dip 25 
degrees to the southwest.  The difference in dip between the intrusion and the enclosing 
metasedimentary rocks indicates that the intrusion on the northern limb of the syncline in 
this area is a dike.  Unfortunately, there is insufficient drill and outcrop data to determine 
the geometry of the intrusion further to the west and southwest. 
Unaltered intrusive rock from the western area is dark gray to brownish-grey in 
color (Figure 4.12).  The intrusive rocks are fine-grained and consist of equal amounts of 
plagioclase and pyroxene (≈ 30 to 45%) with lesser amounts of amphibole (10%).  The 
intrusive rocks are weak to moderately magnetic.  Most samples contain visible ilmenite 
(up to 10% of the rock).  The ilmenite grains display skeletal habits. 
Samples of the Revais Creek intrusion from the western portion of the study area 
are almost identical in texture and composition to the unaltered samples of the intrusion 
from the Revais Creek area. However, plagioclase compositions (An40), determined by 
Carlsbad-albite method, place the samples into the diorite field based on IUGS naming 




Figure 4.11—Geologic cross-section by S. Buckley (1993) based upon two reverse 
circulation drill holes near the Bayhorse prospect.  See Appendix B for exact location; as 






Figure 4.12—Photograph showing typical color and texture of unaltered Revais Creek 
intrusion in the western portion of the field area (MC-21).
 60 
In thin section, the intrusion is seen to have an equigranular, holocrystalline and 
phaneritic fine- to medium-grained texture (Figure 4.13).  Plagioclase comprises 30 to 
40% of the rock by volume, while clinopyroxene makes up 32 to 42% of the rock by 
volume.  The remainder of the rock is comprised primarily of amphibole.  Pericline 
twins, micrographic and myrmekitic textures in plagioclase are much more abundant in 
samples of the intrusion from the western area than in the intrusive rocks from Revais 
Creek (Figure 4.14).  Like intrusive rocks along Revais Creek, augite is the most 
abundant clinopyroxene followed by pigeonite (1-4%) in the western area. Amphiboles in 
the samples of the intrusion from the western area are almost exclusively hornblende (3-
15%); actinolite is rare (<1%).  Minor amounts (1-5%) of biotite, orthoclase, and 
microcline are present in intrusive rocks from the western area, but apatite appears less 
common than further east in Revais Creek.  Opaque minerals in the western area intrusive 
samples are dominated by ilmenite (5-10%) and magnetite (2-3%).  Several grains (<1%) 
of apparently igneous chalcopyrite are present, enclosed in clinopyroxene and ilmenite as 
very fine grained blebs (Figure 4.7). 
 
4.1.3 Crystallization sequence in the Revais Creek Intrusion 
Petrographic studies indicate that plagioclase crystallized first and clinopyroxene 
second in the Revais Creek intrusion (Figure 4.15).  They were followed by 





Figure 4.13—Photomicrographs illustrating typical diabasic texture of unaltered 
Revais Creek intrusive rock from the western portion of the field area.  A)  Plane 
polarized light image of intergrown plagioclase and augite with minor hornblende 





Figure 4.14—Photomicrograph taken under crossed nichols, showing myrmekitic 




Figure 4.15—Paragenetic diagram of the igneous crystallization sequence for the Revais 
Creek intrusion 
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Magnetite-ilmenite associations typically represent the intermediate stage in the 
formation of ilmenite from an originally titanium-rich magnetite (Bowles, 1977).  
Amphibole crystallized after pyroxene and nucleated on pyroxene rims.  Biotite, 
potassium feldspar, and apatite appear to have crystallized last.  The rare grains of 
chalcopyrite observed indicate that the melt contained some sulfide droplets that were 
enclosed within pyroxene during early crystallization. 
 
4.2 Hydrothermal Alteration of the Revais Creek Intrusion 
 The gabbro of the Revais Creek intrusion has undergone hydrothermal alteration 
in several areas within the study area.  This alteration is characterized in general by the 
conversion of pyroxene and amphibole to chlorite and biotite and also by the breakdown 
of plagioclase to quartz, “sericite”, and epidote (Figure 4.16).  This mineral assemblage 
can be broadly categorized as a “propylitic” event.  Sulfide mineralization accompanies 
this alteration event. 
Propylitic alteration was focused along the margins of the gabbro intrusion.  
Although most altered rocks do not display a tectonic fabric, locally chlorite alteration is 
foliated suggesting that alteration was accompanied, or succeeded, by faulting.  In some 
areas, most commonly adjacent to quartz veins, altered intrusive rocks were silicified 
following the propylitic alteration event.  Late supergene alteration related to weathering 
is pervasive in the study area. 
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4.2.1 Propylitic Alteration 
Propylitic alteration of the gabbro, consisting of the conversion of pyroxene and 
amphibole to chlorite and biotite, as well as plagioclase to quartz, “sericite”, and epidote, 
is developed throughout the study area but is most prominent in the old mine areas. The 
degree of hydrothermal alteration was divided into: 1) unaltered—more than 90% of the 
original mineralogy preserved (Figure 4.3, Figure 4.13), 2)weakly to moderately 
altered—90 to 40% of the original mineralogy preserved (Figure 4.16), and 3)strongly 
altered—less than 40% of the original mineralogy preserved (Figure 4.17, Table 4.1). 
The progressive development of the propylitic alteration assemblage displays 
early alteration of amphibole and igneous biotite to chlorite and weak alteration of 
plagioclase to quartz, “sericite”, and epidote.  The alteration of plagioclase is commonly 
“patchy” in weakly developed alteration zones and best developed in crystal cores which 
are more calcic relative to the crystal rims.  Alteration minerals in the plagioclase are 
typically very fine grained.  The term “sericite” is used to distinguish white mica that 
may either be illite or muscovite or a combination of both minerals.  This style of 
plagioclase alteration is termed “sausserization” (Nesse, 2004). 
With increasing hydrothermal alteration, progressively more of the original 
mineralogy of the intrusion was metasomatized.  Pyroxenes became altered to chlorite 
and more plagioclase was converted to mixtures of quartz, “sericite” and epidote.  Grain 




Figure 4.16—Photomicrographs illustrating early sausserization of plagioclase and 
chlorite alteration of calcic-amphibole and clinopyroxene typical of moderately altered 
Revais Creek intrusive samples.  A)  Plane polarized light image of chloritization 
occurring on the rims of mafic minerals; and plagioclase altering to sausserite.  B)  Same 
sample view under crossed nichols (MC-9). 
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  In some moderately altered gabbro and many samples of strongly altered gabbro, 
minor hydrothermal biotite formed after early pyroxene and plagioclase alteration (Figure 
4.18).  This biotite can be distinguished from igneous biotite by the relatively large grain 
size (3-5mm) and the darker pleochroic colors (red-brown to dark brown) most likely due 
to higher iron content of the hydrothermal biotite. 
Strongly altered rocks display a loss of most primary igneous textures.  Alteration 
minerals become larger in grain size.  Quartz and epidote grow throughout the 
assemblage and calcite appears as irregular grains and within veinlets (Figure 4.17).  
Magnetite and ilmenite display dissolution and develop more skeletal shapes.  Locally 
magnetite is rimmed and replayed by sulfides, both pyrite and chalcopyrite (Figure 4.19).  
Chalcopyrite also forms tiny blebs in altered pyroxenes and occurs within veinlets often 
associated with quartz. 
In the most highly altered samples, hydrothermal biotite is converted to chlorite 
and the percentage of quartz, calcite, and epidote increases.  The breakdown of 
hydrothermal biotite suggests that the most intense propylitic alteration occurred during a 




















Samples Western Samples Criteria 
Unaltered RC-8-05, RC-11 
MC-21, MVC-3, 
MVC-2, MC-4-05 
Greater than 80 % original 










80% to 40% original igneous 






05, RC-8, RC-19a, 
RC-18 
BH-6, BH-7, MVC-
11, MC-12, MC-3, 
BH-3, MC-8 
Ten to 30 percent original 
igneous texture preserved 
Strongly Altered--
Sheared 




15, RC-22, RC-25 
BH-5, MVC-9, MVC-
5 
Contain mild to strong shear 
fabric and/or was collected 




RC-13b, RC-9, RC-14, 
RC-20b, RC-20a 
















Figure 4.17—Photomicrographs illustrating typical alteration textures for strongly altered 
samples (listed in Table 4.1) from the Revais Creek intrusion.  A)  Plane polarized light 
image of strongly altered—partial igneous texture preserved; illustrating that while the 
majority of original mineralogy is destroyed, relict grains preserve the igneous texture, 
allowing for identification of the approximate primary mineralogy.  B)  Same sample 
view under crossed nichols (RC-29b).  C)  Plane polarized light image of strongly 
altered—sheared; showing the complete destruction of primary igneous textures, as well 
as the shear texture present in some samples.  D)  Same sample view under crossed 
nichols (RC-22).  E)  Plane polarized light image of strongly altered—silica replacement; 
showing a quartz vein adjacent to quartz and hematite grains that were once part of the 
Revais Creek intrusion.  F)  Same sample view under crossed nichols, highlighting the 





Figure 4.18—Photomicrograph illustrating coarse grain of hydrothermal biotite.  A)  
Plane polarized light image of hydrothermal biotite, calcite infilling and chlorite 
alteration (pale green).  B)  Same sample view taken under crossed nichols, highlighting 
the calcite infilling (RC-18)
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Sausserization of plagioclase and chloritization of ferromagnesian minerals is 
typical of deuteric alteration of mafic igneous rocks (Deer et al., 1966) and can result 
from interaction of groundwater with hot igneous rocks near the time of igneous intrusion 
or from the passage of hydrothermal fluids through a solidified intrusion after burial.  The 
exact timing of this style of alteration in the Revais Creek Mining District is not known 
with certainty.  It could have formed during cooling of the intrusion.  However, its 
apparent preferential development along one side of the dike and its apparent association 
with faulting suggests that it could significantly post date intrusion and cooling.  
However, there are no know later igneous bodies in the Revais Creek area that could have 
generated significant hydrothermal fluids.  Further work to try and constrain the age of 
hydrothermal alteration and mineralization, such as Re-Os dating of sulfides, is required. 
 
4.2.2 Silicification 
 Some portions of the Revais Creek intrusion have been intensely silicified.  
Cross-cutting relationships indicate that silicification occurred dominantly after propylitic 
alteration.  Silicified areas occur adjacent to quartz veins.  These veins appear to be 
concentrated on the edges of the gabbro body.  Silicified intrusive samples contain 25 to 
80% quartz.  Quartz grains range in size from fine to coarse and have undergone mild 
strain deformation (Figure 4.17).  A few of the silicified samples contain skeletal ilmenite 
(3 to 8%) grains  Trace amounts of very fine grained chalcopyrite is present within 








Figure 4.19—Photomicrographs of magnetite, ilmenite and chalcopyrite, taken under 
reflected light.  A)  Image shows chalcopyrite completely replacing what might have 
been ilmenite in sieve-like textured magnetite-ilmenite (?) grain (RC-8-05).  B)  Image 
shows partial chalcopyrite rim on a magnetite-ilmenite grain.  Chalcopyrite is 
preferentially replacing ilmenite (MC-21).  C)  Image illustrating chalcopyrite 
preferentially replacing ilmenite in a banded magnetite-ilmenite grain (RC-8-05).  C)  








Figure 4.20—Paragenetic sequence illustrating relationships between alteration and 
mineralization.  Mineral formation marked in green represent the start of propylitic 
alteration.  Maroon indicates mineral formation during the propylitic, retrograde 
alteration event (note purple dashed line indicates the start of late-stage veining and 
silicification).  Mineral formation marked in yellow represent supergene alteration.
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The sample that contained chalcopyrite also contained approximately ten percent epidote, 
apatite (Tr-1%), and fine grained calcite veins (<1%).  Two silicified samples from the 
Western area collected adjacent to 1.5 meter quartz vein, contained relict plagioclase and 
pyroxene that have undergone propylitic alteration.  The samples also contained quartz 
veins with coarse grains of epidote and fine grained tourmaline crystals (Figure 4.21). 
 
4.2.3 Supergene Alteration 
 Supergene alteration was observed to varying degrees in every samples collected 
fro the Revais Creek intrusion.  It is dominantly seen as coatings of hematite and/or 
goethite on fracture surfaces within the intrusion.  Supergene alteration is distinguished 
by the presence of hematite and copper oxides replacing chalcopyrite (Figure 4.22A).  
Supergene chalcocite is relatively rare in the study area.  It was noted primarily from the 
Bayhorse prospect where it occurs as rims to bornite-chalcopyrite grains.  Copper oxides, 
typically malachite with lesser azurite (Figure 4.22B), are best developed adjacent to 
shear and fault zones in the intrusion (Figure 4.23A).  These zones are also characterized 
by the presence of clay, presumably derived primarily from the breakdown of 


















Figure 4.21—Photomicrographs were taken from sample MVC-6b illustrating the 
presence of tourmaline in a quartz-epidote vein, as well as the presence of siderite in 
Revais Creek intrusive rock from the “extension” at the Prichard-Burke contact.  A, B)  
Plane polarized light images illustrating the pleochroic nature of tourmaline (from clear 
to indigo blue).  C)  Plane polarized light image looking directly down the c-axis of a 
tourmaline grain, showing the irregular hexagonal shape of tourmaline. D) Plane 
polarized light image under crossed nichols showing a siderite grain.  Siderite in clear 












Figure 4.22—A)  Photomicrograph taken under reflected light showing chalcopyrite 
being replaced by supergene hematite (RC-7-05).  B)  Plane polarized light image 
showing a supergene malachite-hematite vein (BH-3).
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 Weakly supergene altered samples display hematite rims on sulfides, magnetite 
and ilmenite.  With increased alteration these minerals can be completely replaced by 
hematite and/or goethite.  Hematite also replaces biotite and chlorite, especially within 
fault zones (Figure 4.24).  Information indicating the extent of the supergene alteration is 
rare.  However, based on the report by Sahinen (1936), the majority of ore recovered in 
the Revais Creek area was oxidized, even up to a depth of 400 feet.  Drill logs by 
Buckley (1993) indicate the hematite and malachite were observed to depths between 180 
to 220 feet in the Bayhorse area and 180 feet in the adit area. 
 
4.3 Sulfide Mineralization 
 Petrography indicates that the Revais Creek intrusion contained very minor 
amounts of igneous chalcopyrite.  However, the majority of the sulfides found in the 
Revais Creek intrusion appear to have been precipitated during the propylitic alteration 
event.  Little to no sulfide was apparently deposited during later quartz veining and 
silicification. 
 Sulfides are dominated by chalcopyrite but also include pyrite, pyrrhotite and 
pentlandite (Figure 4.25).  Bornite is present only in samples from the Bayhorse prospect.  
Sulfides dominantly occur as disseminations throughout the rock or as partial rims or 
replacements of igneous magnetite and ilmenite (Figure 2.19).  Well mineralized samples 
may contain up to 10% disseminated chalcopyrite.
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Figure 4.23—Photographs illustrating:  A) Copper-oxide staining on the Revais Creek 
intrusion surrounding a shear zone (author for scale, approximately 69 inches or 1.9 m).  
B)  Typical alteration occurring in the Revais Creek Area (Rock hammer for scale; Fe-Ox 
is iron oxide, Chl-Alt, chlorite alteration, Cu-Ox is copper oxide).  Intrusive material 













Figure 4.24—Photograph taken at the Bayhorse prospect showing hematite replacing 




Figure 4.25—Photomicrographs of a typical sulfide assemblage in the Revais Creek 
intrusion, taken under reflected light.  A)  Image of an irregular bleb containing primarily 
pyrrhotite followed by chalcopyrite and trace amounts of pentlandite (RC-8-05).  B)  
Image of pyrite, altering to hematite, replacing magnetite (MC-5-05)
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In well mineralized samples chalcopyrite forms clots up to several centimeters in 
diameter (Figure 4.26).  However the majority of sulfides in the intrusion form small (<1 
millimeter) disseminations.  Most sulfides occur within or adjacent to quartz formed 
during propylitic alteration or as small disseminated grains in partially altered pyroxene 
and amphibole grains.   
 Chalcopyrite (2-3%), pyrrhotite (2%) and pentlandite (≤ 1%) appear to have 
formed first, together, as irregular blebs and fracture fill.  The blebs usually contain close 
to equal portions of chalcopyrite and pyrrhotite with trace amounts of pentlandite (Figure 
4.25).  Pyrite (< 1%) began to precipitate just after the initial chalcopyrite-pyrrhotite-
pentlandite precipitation (Figure 4.20).  Pyrite, pyrrhotite, and pentlandite precipitation 
was short lived, appearing to end when the stronger, retrograde propylitic alteration event 
began.  During the retrograde event, chalcopyrite disseminations become coarser (1-3 
mm) and bornite enters the system.  Exsolution lamellae between bornite and 
chalcopyrite are abundant in all of the Bayhorse samples.  This suggests that the sulfide 
was precipitated as a higher temperature phase with exsolution occurring upon cooling 
(Figure 4.27). 
Sulfide mineralized zones appear to be restricted to the western contact in the 
Revais Creek area and at the Bayhorse and Triple Junction areas.  Sulfide mineralization 
was not prevalent in the Revais Creek area.  Only two outcrops were found to contain 
copper sulfide mineralization.  Two samples contained chalcopyrite mineralization in a 






Figure 4.26—A)  Photograph of coarse, disseminated chalcopyrite from the Revais Creek 







Figure 4.27—Photomicrograph of copper sulfide minerals from the Bayhorse 
prospect (BH-3).  A)  Bornite (dark purple) and chalcopyrite (bright yellow) with 
chalcocite rim (light blue).  B) Chalcopyrite illustrating bornite basket-weave texture 
(highlighted by dashed box) indicative of exsolution
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Four samples with disseminated chalcopyrite were collected near the inclined 
shaft. The other samples with mineralization were gathered from mine dumps along the 
western contact of the intrusion.   
 Sulfide mineralization in the Western area was primarily restricted to the 
Bayhorse and Triple Junction area in propylitically altered rocks adjacent to major shear 
and fault zones.  Tiny (<1 millimeter) disseminations of chalcopyrite were observed 
along the northern contact of the extension, west of the Triple Junction.  No sulfide 
mineralization was found within quartz veins in the Western area during the course of 
this study. 
 
4.4 Platinum Group Element Mineralization 
 Samples with high Platinum Group Element (PGE) contents were located 
throughout the study area.  The highest grade samples came from strongly propylitically 
altered gabbro from the Lucky Strike adit along Revais Creek (3559 ppb Pt +Pd) and 
from the Bayhorse prospect (6080 ppb Pt + Pd).  However, well mineralized samples 
from throughout the area contain anomalous PGE (average:  1,464 ppb Pt + Pd). 
 While the two highest PGE grade samples contained significant disseminated 
chalcopyrite and bornite, the rest of the high PGE grade samples contained very little 
sulfide.  In order to better understand the PGE mineralization, five thin sections from 
high grade samples were examined using the scanning electron microscope (SEM).  Over 
40 PGE grains were recorded in these five samples using back-scatter imaging 
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techniques.  The grains ranged in size from 2 to 35 μm.  Elemental spectral analysis was 
used to identify the minerals hosting these PGE-bearing grains.  Unfortunately the 
spectral analyses are qualitative and do not show the actual element ratios present in the 
mineral.  Thus, minerals such as pyroxene and amphibole can easily be confused.  A 
small potassium peak was used in this study to identify amphibole.  However the 
amphibole, actinolite, cannot be identified utilizing this criteria.  The five samples were 
re-examined using a transmitted light microscope but none of the identified PGE grains 
could be located. 
 Geochemical results for the samples examined indicate that palladium is 
approximately two to three times more abundant than platinum.  However palladium was 
not readily found using electron dispersion spectra and most of the grains appear to be 
platinum-rich.  Electron x-ray emission intensities were used with secondary electron 
images to identify the relative abundances of each element of interest within the PGE 
grains. 
 
4.4.1 Revais Creek Area 
 Fourteen subhedral to euhedral grains of pure platinum or platinum-gold were 
found in the highest grade samples from the Revais Creek area.  Average size of the 
grains is 10 μm (Figure 4.28, Appendix F).  Platinum grains are typically located along 














Figure 4.28—Secondary electron image showing a typical platinum grain from the 
Revais Creek area (RC-5-05).  A)  Platinum grain along a quartz grain boundary adjacent 
to plagioclase (light blue squares indicate spectral analysis location.  B) Example of 
element spectral analysis for quartz.  C)  Example of element spectral analysis for 
plagioclase
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However platinum grains were also found within or adjacent to chlorite, biotite, 
amphibole, apatite and plagioclase (Table 4.2).  Ilmenite occurs near most platinum 
grains but was never observed in direct contact with the grains.  No platinum grains were 
found in or adjacent to sulfides.  Only two platinum grains were associated with copper 
minerals, in this case malachite.  The lack of association of PGE with sulfides is unusual.  
In most PGE deposits the platinum group metals occur in association with copper and 
nickel sulfides (Mungall, 2005). 
 















4.4.2 Western Area 
 Twenty-six subhedral to euhedral pure platinum and platinum-gold grains were 
found in two samples from the Bayhorse prospect and one sample from the Triple 
Junction.  Average grain size is 10 μm.  The platinum grains are typically found along 




Figure 4.29—A)  Secondary electron image of a platinum from the Western area (MC-9).  
The platinum grain is along an amphibole grain boundary adjacent to quartz (blue square 
indicates location of spectral analysis).  B)  Typical element spectral analysis for 













Figure 4.30—Secondary electron image and electron emittance intensity maps of 
palladium alloy (marked by arrow) from the Bayhorse prospect (BH-6) along a copper-
iron mineral grain boundary and pyroxene.  Element bit maps show relative abundances 
of each element within the alloy. 
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Five platinum grains were adjacent to, but not touching, chalcopyrite-bornite-
chalcocite grains.  However, the majority of platinum grains, like at Revais Creek, were 
found near ilmenite.  Other minerals associated with platinum are listed in table 4.3. 
 Two palladium-rich anhedral grains, less than two μm in size, were found in the 
Bayhorse samples.  The two alloys are:  palladium-platinum-tellurium and palladium-
platinum-rhodium-gold-arsenic (Figure 4.30).The palladium-platinum-telluride was 
found in pyroxene or actinolite and the other palladium allow was found in malachite.  
Large barite grains were observed to occur near the palladium alloys. 
 




















4.5 Geochemistry of Altered and Mineralized Revais Creek Intrusion 
 Platinum, palladium, sulfur, copper and nickel typically show positive correlative 
trends when plotted against each other due to the importance of sulfur, copper and nickel 
phases in the precipitation of platinum group elements (Mungall, 2005).  Platinum and 
palladium geochemical values for the Revais Creek and Western areas were plotted 
against copper, sulfur and nickel in hopes of identifying positive or negative correlations 
between the elements (Figure 4.31 and 4.32, Appendix D).  While a weak correlation is 
observed between platinum and palladium with low concentrations of copper, this 
correlation breaks down at high copper concentrations.  No strong correlative trends 
could be identified between platinum, palladium and sulfur or nickel (Appendix D), 
possibly indicating PGE concentration by other complexing ions such as chlorine or 

































Figure 4.31—X-Y scatter plot of platinum and palladium against copper for the Revais 



































Figure 4.32—X-Y scatter plot of platinum and palladium against copper for the Western 
area. Units are in parts per million, scale is logarithmic. 
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Plots showing elemental changes through the sample groups (Figures 4.33, 34) 
appear to indicate that the geochemical signatures between the Revais Creek and Western 
areas do not differ drastically.  However the plots show that copper, sulfur, nickel, PGE 
and gold all follow the same general trend when moving through the groups.  A 
difference between the Revais Creek and Western areas is that the PGE, copper and gold 
trends for Revais Creek are more gradual and do not decrease until after the strongly 
altered—sheared sample group (Figure 4.33B).  The trends for the Western area are more 
“peaky” (Figure 4.34B).  In Revais creek, copper is most elevated in strongly altered-
sheared samples while platinum, palladium and rhodium are most elevated in strongly 
altered samples.  In samples from the western area, both copper and PGE are most 
elevated in strongly altered (partial igneous textures preserved) samples.  Another 
difference between the areas is the change in barium concentrations.  In the Western area, 
the barium trend generally follows the copper trend until the “strongly altered—partial 
igneous texture preserved” group where it decreases drastically, opposite the highest 
copper peak.  Also, rhodium concentrations are greater in the Western area and again 
show a “peaky”, sporadic trend. 
The arithmetic mean geochemical values for the unaltered sample group are taken 
in this study to indicate the base element concentrations for the Revais Creek intrusion.  
Base copper values for other intrusions of similar affinity to the Revais Creek intrusion 
are listed in table 4.4.  The base value for copper in the Revais Creek intrusion is 536.67 
parts per million (Appendix D), which is much more enriched than other mafic intrusions 
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(Table 4.4).  Since the platinum and palladium geochemical trends from figures 4.32 and 
4.33 follow the same basic trend as copper, it is reasonable to suggest that PGE 
concentrations are also enriched (0.0823 ppm, Table 4.4) and that the Revais Creek 



































Figure 4.33A—Element plots showing element concentration changes through the 
































Figure 4.33B—Element plots showing precious metal element concentrations as they 
change through the alteration groups for the Revais Creek area. Units are in parts per 



































Figure 4.34A—Element plots showing element concentration changes through the 





























Figure 4.34B—Element plots showing precious metal element concentrations as they 




Table 4.4—Comparison of copper, platinum and palladium element concentration 
between the Revais Creek intrusion and other mafic intrusions of similar affinity 
(*Quartz normative, **represents averages from Parana, Karroo, Deccan Traps and 
Columbia River Basalt values, ***represents a palladium value only.  Values compiled 
from: Prinz, 1967; Crocket, 1981; Pirajnu, 1992; Kell, 1993; Lauer, 1998 and this study.) 
 
 
Mafic Intrusion Copper (ppm)
Revais Creek Intrusion 537
Basalt 100
Continental Tholeiitic Basalt * 141
Keweenawan Rift 120
Columbia River Basalts (CRB) 56.6
Quartz Normative CRB 53.4 to 77
Mafic Intrusion Pt +Pd (ppb)
Revais Creek Intrusion 82.3
Continental Tholeiitic Basalts** 8.3***
Mafic Rocks 10 to 20
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Mineralization at the Green Mountain Mine occurred primarily in fault-fill veins.  
While some disseminated ore occurred within the Revais Creek Intrusion, the majority of 
ore was mined in crushed and altered zones from the intrusive contact with the Burke 
Formation quartzites (Sahinen, 1936).  The ore at Green Mountain consisted of two 
types: the hard and soft ores.  The hard ore was described by Sahinen (1936) as being 
primarily oxidized copper minerals with occasional disseminated chalcopyrite in one to 
five feet wide (0.3 to 1.6 m) quartz veins.  The soft ore was dark red oxide (hematite) 
with considerable copper oxide in clay-rich fault gouge.  The soft ores contained the 
highest grades, but were much more difficult to predict within the deposit.  Unfortunately 
the nature of alteration and type of ore was not documented on any of the underground 
geology maps for the Green Mountain Mine.  Also, no samples of the soft ore could be 
obtained for this study. 
The Green Mountain Mine ore shoot trends N10E and rakes approximately 16 
degrees.  The ore shoot stretches close to 2 miles (3.1 km) and reaches to a depth of 3334 
feet (1016 m).  The thickest section of ore, 150 ft (46 m), occurs on the 200 level where 
the vein system bends.  The thickest vein sections on the 100 and 300 levels, 75 and 60 
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feet (23 and 18 m) respectively, also occur where the vein system bends or jogs.  Average 
vein thicknesses on the levels range from 3 to 12 feet (≈ 1-4 m).   
Stereographic plots of vein orientations revealed two populations.  The primary 
vein set had an average orientation of N2E 60W.  The second population had an 
orientation of N68W 44W (Figure 5.1).  Since the ore body was along the intrusive 
contact, the ore also appeared to thicken where the Revais Creek Intrusion's strike and dip 
changed; creating a cup-like depression along the intrusive surface (Figure 5.2, Appendix 
E). 
 The Mohr-Coulomb theory of fracture mechanics can be used to predict the shape 
and orientation of kinematically controlled ore shoots.  Ore shoots, zones of highest grade 
and/or thickest ore, will form parallel to the plane produced from the intersection of the 
σ1 and σ2 stress directions (Figure 5.3).  The rake of the ore shoot produced will also be 
perpendicular to the slip vector direction in the fault plane (Nelson 2006).  If the principle 
stress (σ1) direction in the Green Mountain area were compressive, then the ore shoot 
should be thickest in the horizontal direction.  However the thickest sections of ore at 
Green Mountain are oriented near vertical (Figure 5.2), implying that the ore shoot 
formed during a time of extension in a normal fault plane.  Also the rake of the Green 
Mountain Mine ore shoot, 16 degrees, would imply a slip vector orientation of N58W; 
meaning that oblique-dextral motion also occurred along the normal fault (Figure 5.4).  
Additional evidence, although not as strong, for dextral movement along the intrusive 







Figure 5.1—Graphical interpretation of vein orientations.  A)  Stereonet plot of poles to 





















Figure 5.2—Vertical Sections (A-F) through the Green Mountain Mine (looking north).  
For section locations, refer to Appendix E. (Green = Revais Creek intrusion, Yellow = 
metasediments, Gray = metasediment bedding orientation, Red = mineralized zones, 
veins, Purple = faults).  A)  Section through the 300-400 level winze.  B)  Section 
through the Inclined Shaft.  C)  Section through the 100, 200 and 300 levels just north of 
the inclined shaft.  D)  Section through the 100, 200 and 300 levels.  E)  Section through 










Figure 5.3—Shows dilational openings predicted by principal (σ1) and secondary (σ2) 
stress directions. A) Stress opening produced from normal fault movement.  B)  Stress 
opening produced from reverse fault movement.  
 
 
Figure 5.4—Block diagram illustrating structural angle relationships between fault 
movement and ore shoot rake (from Nelson, 2006).
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In plan view, the veins would thicken in bends and/or jogs parallel to the σ1 direction and 
secondary vein sets would occur as horsetail splays and/or Riedel shears (Figure 5.5) 
oriented in the directions predicted in Figure 5.3 (Davis and Reynolds 1996).  At Green 
Mountain, the veins did predominately thicken in bends and jogs.  Veins with 
orientations close to the Riedel shear directions were noted in a few areas, but horsetail 
splays were not observed (Appendix E). 
The sections through the Green Mountain Mine (Figure 5.2) indicate that the 
majority of ore was developed on the sheared upper contact between the intrusions and 






Figure 5.5—Shows Riedel shear fracture and horsetail splay directions predicted by stress 
directions for:  A) Sinistral and B) Dextral movement 
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Mineralization in the Revais Creek Mining District is spatially related to the 
Revais Creek intrusion (687 Ma).  This gabbroic intrusion is unrelated to the Moyie sills 
known further north in the Belt Basin and is more likely related to Windemere igneous 
activity.  The available geochemical data suggests that the Revais Creek gabbro was 
enriched in both copper (average of approximately 500 ppm) and PGE (average of 
approximately 80 ppb) relative to normal gabbros.  Minor amounts of igneous 
chalcopyrite have been noted within less altered samples of the intrusion. 
Sulfides and PGEs occur within structurally controlled zones along the upper 
edge of the intrusion at the Green Mountain Mine and appear to occur along the margins 
of the intrusion in other areas of the district.  Previously mined zones occurred within 
sheared zones dominantly within the intrusion but also in the immediately adjacent 
quartzites.  The shear zones probably formed as the result of dip-slip normal fault motion.  
Fault jogs and bends appear to have formed the locus for the most intense mineralization. 
 Geologic sections from the Green Mountain Mine (Figure 5.2) indicate that the 
copper-PGE mineralization is structurally controlled by fault and shear zones with a 
present-day northwesterly trend.  Early reports for the mine also described the 
mineralized zones as being in crushed and brecciated zones from along the intrusive 
contact (Sahinen, 1936).  With the exception of the two highest-grade samples, the high-
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grade copper and PGE samples collected from the Revais Creek area are from the 
strongly altered-sheared alteration group.  The two highest-grade samples from Revais 
Creek are from the strongly altered-partial igneous texture preserved group, but were 
collected near large shear zones adjacent to the Lucky Strike Area.  Thus the highly 
mineralized Revais Creek Samples also support the importance of structural control on 
mineralization. 
 Structural control on copper-PGE mineralization at other locations along the 
intrusion, specifically at Bayhorse, is not well constrained.  Spatially, the high-grade 
samples are related to shear and fault zones.  However unlike Revais Creek, there is little 
to no mineralization in samples that are strongly sheared. 
Mineralized zones throughout the district occur dominantly within gabbro that has 
undergone weak to intense propylitic alteration with conversion of amphibole and then 
pyroxene to chlorite and plagioclase to mixtures of epidote, quartz, and “sericite.”  
Though not observed in this study, old mine records indicate that the best ore was 
developed in fault “clay” that may represent intensely sericitized wall rock.  The 
mineralized zones appear to be cut by quartz veins and adjacent zones of silicification.  
Such silicified zones may be mineralized but appear to post-date the main period of 
mineralization that was probably associated with propylitic alteration and possibly a 
poorly defined sericitic alteration event. 
The alteration mineral assemblage suggests a relatively low temperature for 
hydrothermal alteration.  This is confirmed by fluid inclusion studies that indicate fluid 
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temperatures of approximately 300° C (Lauer, 1998).  The presence of sparse calcite 
suggests the hydrothermal fluids were near neutral.  Fluid inclusion salinities of 23 
weight percent NaCl equivalent indicate moderate fluid salinities.  The early sulfide 
assemblage of chalcopyrite and pyrrhotite indicates that the hydrothermal fluids were 
reduced though late barite in the alteration assemblage suggests that the solutions may 
have increased in oxygen fugacity through time (Lauer, 1998; Bowles, 1977). 
Chalcopyrite is the dominant early sulfide followed by pyrrhotite and pentlandite. 
These early sulfides commonly replace igneous iron oxides but may also occur as 
disseminations. Early sulfides are locally intergrown with propylitic alteration minerals.  
The majority of the chalcopyrite occurs during a later, “retrograde” phase of alteration 
dominated by quartz, epidote, chlorite, sericite, and calcite. Bornite is present with 
“retrograde” alteration minerals in samples from the Bayhorse Prospect in the western 
area indicating higher sulfur fugacities in this area during late mineralization.   
Platinum group elements form distinct mineral grains and occur as alloys of 
palladium-platinum-tellurium and palladium-platinum-rhodium-gold-arsenic. The 
platinum grains observed in this study are not spatially associated with sulfides but 
appear as small isolated grains along igneous and alteration silicate mineral boundaries.  
Though it is difficult to relate the PGE grains to specific alteration mineral assemblages, 
those observed appear to be more closely related to the late retrograde event.  
Geochemical data indicate that platinum and palladium are only weakly correlated with 
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copper and poorly correlate with sulfur and nickel corroborating the petrographic 
evidence that sulfides and PGEs are not directly related. 
The available evidence indicates that the copper-PGE mineralization in the Revais 
Creek district is the result of hydrothermal activity rather than magmatic events.  Copper, 
nickel and platinum group elements were probably leached locally from the relatively 
metal enriched Revais Creek gabbro and concentrated in hydrothermally altered zones 
along faults. The age of this hydrothermal activity is not known.  It is associated with 
brittle shearing of the Revais Creek intrusion indicating that hydrothermal alteration post-
dates intrusion of the gabbro.  There are no known igneous intrusions in the Revais Creek 
Mining district besides the gabbro so the driver for hydrothermal alteration and 
mineralization is unknown.  However, the presence of similar hydrothermal alteration 
and mineralization along several kilometers of strike length of the Revais Creek intrusion 
suggests that this was a widespread event.  Though hydrothermal alteration may have 
occurred in the host rocks to the intrusion, their dominantly quartzitic composition makes 
recognition of such hydrothermal alteration difficult. 
Most economic platinum group element deposits are magmatic (Cawthorn et al., 
2005).  PGEs generally partition into sulfides in magmatic systems (Mungall, 2005).   
The apparent lack of correlation between sulfides and PGEs in the Revais Creek district 
is strong evidence that PGE mineralization here is hydrothermal. 
Hydrothermal PGM deposits are typically the result of remobilized PGE from a 
PGE-rich source.  PGE are more mobile in hydrothermal systems than previously 
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thought, and as such can be concentrated at a variety of temperatures (Hanley, 2005).  
The best correlative hydrothermal deposit type is the low to intermediate temperature (< 
500 ºC) PGE deposit that are thought to have formed from high salinity hydrothermal 
fluids with PGEs transported as chloride or bisulfide complexes (Hanley, 2005). 
The best described hydrothermal PGE deposit is at the New Rambler Mine in 
Wyoming (McCallum et al., 1976).  The New Rambler deposit is structurally controlled 
and occurs within and adjacent to a gabbroic body.  The deposit is associated with 
propylitic alteration (chlorite, epidote, clinozoisite, albite, magnetite ±pyrite). The 
mineralized assemblage at New Rambler includes palladium and platinum bismuth-
telluride alloys with pyrite, pyrrhotite, pentlandite, chalcopyrite, and chalcocite.   This 
assemblage is similar to that observed in the Revais Creek deposits with the exception of 
pyrite, which is essentially absent at Revais Creek.   
Unlike the Revais Creek deposits, quartz-sericite-pyrite alteration is well 
developed at New Rambler and appears to have hosted the majority of high-grade ore.  
Similar quartz-sericite- (pyrite?) assemblages may have been present along fault zones at 
Green Mountain based on poor information from mine geologists, but samples from such 
assemblages were not observed in this study.  
Evidence for a hydrothermal origin of the PGE mineralization at New Rambler 
includes:  1) hydrothermal replacement ore textures, 2) association between PGE and 
hydrothermal alteration minerals, 3) higher concentrations of soluble platinum and 
palladium relative to the other, less soluble PGE , and 4) enrichment of other elements 
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(Bi, Cu, Au, Ag) compared the unaltered host-rock (McCallum et al., 1976; Nyman et al., 
1990). 
Detailed work at New Rambler suggests that the hydrothermal fluids had 
temperatures of approximately 300° C and salinities of 30-40 weight percent NaCl 
equivalent (Nyman et al., 1990).  These fluids are similar in temperature but more saline 
than those indicated for the Revais Creek district. 
PGE mineralization in the Revais Creek Mining District is similar to that at the 
New Rambler Deposit.  Palladium is enriched, approximately 2 to3 times, relative to the 
other PGE present (Appendix D), and there is an enrichment of other elements (Rh, Cu, 
Au, Ag) compared to the unaltered host rock (Figure 4.33 and 4.34).  Also there is a good 
association between PGE and hydrothermal alteration minerals.  However a few major 
differences exist.  The quartz-sericite-pyrite alteration assemblage that is well developed 
at New Rambler appears to be poorly developed at Revais Creek. Only two samples 
(weak to moderately altered) contain pyrite grains and “sericite” was not found except 
within the sausserite alteration.  However, there may have been sericitic alteration in 
association with soft ores reported by Sahinen (1936).  Another difference is that most of 
the PGM found during this study at Revais Creek were pure platinum grains and not 
alloys.  Finally, the majority of PGM at Revais Creek occurred with silicate minerals 
rather than in association with sulfides as at New Rambler. 
Future exploration in the Revais Creek district should concentrate along the 
known extent of the Revais Creek intrusion.  Attention should be focused on defining 
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zones of enhanced hydrothermal alteration, particularly propylitic alteration but also 
potential zones of quartz-sericite alteration.  It is likely that the best-mineralized zones 
will occur within jogs and bends along the intrusion contact.  Well-mineralized zones 
would be expected to be limited in extent (tens to possibly several hundred meters). 
Magnetics to define the intrusion may be helpful to map out the intrusion and define 
possible structural bends and jogs.  Electromagnetics could be useful to define zones of 
massive sulfide in the subsurface.  However, apparent depths of weathering of up to 100 
meters could have resulted in significant supergene alteration of massive sulfide zones, 
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